Pulmonary tuberculosis (TB) has been classified into primary and reactivation (post-primary) forms ([@B1]). In about 5% of individuals infected by *Mycobacterium tuberculosis* (*M. tuberculosis*), the infection progresses to active disease within two years after infection. This progressive primary TB is considered to occur typically in childhood. An additional 5% develop active disease at some later point in their lives, and this reactivation TB is considered to occur typically in adults ([@B2]).

Traditionally, it has been thought that the radiographic manifestations of primary TB infection are distinct from those of reactivation TB ([@B1]). Mediastinal lymph node enlargement, lower lobe lesions, and pleural effusions are considered to be characteristics of primary TB infection, whereas upper lobe lesions, cavitation, and fibrosis are considered to be typical of reactivation TB ([@B3]-[@B5]). However, recent studies using genotyping methods for *M. tuberculosis* isolates have shown that the radiographic features are often similar in patients who apparently have primary disease by recent infection and those who have reactivation TB by remote infection ([@B6], [@B7]).

To confirm that TB in an adult is due to recent infection, we document recent tuberculin skin test conversions or utilize restriction fragment length polymorphism (RFLP) analysis (DNA fingerprinting with the IS6110 insertion sequence) of *M. tuberculosis* isolates ([@B8]-[@B10]). Isolates from patients infected with epidemiologically unrelated strains of TB have different RFLP patterns, whereas those from patients with epidemiologically linked strains generally have identical RFLP patterns. Therefore, clustered cases of TB, defined as those in which the isolates have identical or closely related genotypes, have usually recently been transmitted. To evaluate the radiographic findings of primary pulmonary TB in previously healthy adolescents, we reviewed the chest radiographs of a large number of patients with TB whose isolates had been subjected to RFLP analysis.

MATERIALS AND METHODS
=====================

The Institutional Review Board approved this retrospective study, with a waiver of informed consent from the patients.

Study Subjects
--------------

From January 2007 to December 2009, TB outbreaks occurred in 15 senior high schools in South Korea. By reviewing the medical records of the Korean Institute of Tuberculosis, we identified all 90 students in whom culture-proved TB demonstrated identical strains of TB by RFLP analysis with the IS6110 insertion sequence. All isolates from the same school appeared to be the same *M. tuberculosis* strain.

Ministry of Education, Science and Technology of Korea performs student medical check-ups when students are in the first and fourth grades of elementary school and in the first grade of middle and high school. The students\' medical check-up includes chest radiographic examination for the evaluation of pulmonary TB. All 90 students in our study also underwent chest radiographic examination in the first grade of middle or high school. Because all these students were previously healthy and had normal chest radiographs in their previous student medical check-ups, we considered this recent infection proven by RFLP analysis as primary TB. The mean interval between the time of the last normal chest radiographs and the time of TB diagnosis for each patient was 1.25 years (range; 0.5-2.5 years). The mean age of these 90 students was 17 ± 1.2 years, and 64 students (71%) were male. Underlying chronic disease was not reported in any student. Moreover, none of the students with active pulmonary TB had a previous history of TB treatment.

All these students were referred to public health centers, where they received formal chest radiographic examinations with a regular-sized (14 × 17-inch) film (n = 32) or digital radiographs (n = 58). Of the 90 students, initial chest radiographs were available in 58 students who underwent chest radiographic examinations with a digital radiographic (radiographic units from various vendor companies) technique. Imaging parameters for digital radiography were as follows: image size, 14 × 17-inch or 17 × 17-inch; maximum tube currents, 650 mA; usual exposure amount, 1 or 2 mAs; tube voltage, 100-120 kVp; focal spot size, 1.2 mm; detector-focus distance, 183 cm. Chest radiographic examinations were performed by the postero-anterior view only. Thus, these 58 students constituted the study population for the analysis of chest radiographic characteristics.

Image Analysis
--------------

All chest radiographic image data of the 58 patients were directly interfaced to a picture archiving and communications system (M-view; Marotec Medical System, Seoul, Korea) which allowed to display all image data on monitors (four monitors, 2048 × 2560 image matrices, 10-bit viewable gray scale, and 145.9-ft-lambert luminescence).

The initial chest radiographs of the students with newly diagnosed TB were reviewed independently by two chest radiologists who had 21 and eight years of experience, in chest radiology respectively, and differences in observed findings were resolved by consensus. The observers assessed the presence of lung parenchymal abnormalities including nodule(s), consolidation, and cavities. The presence or absence of pleural effusion and lymph node enlargement of the mediastinum or hilum was also recorded. Nodule(s) (≤ 3 cm in diameter; large nodules, ≥ 10 mm in diameter, small nodules, \< 10 mm in diameter) were considered present when there was a rounded opacity, either well or poorly defined. Consolidation was defined as a homogeneous increase in pulmonary parenchymal opacity that obscured the margins of vessels and airway walls. A cavity was diagnosed when an air-filled space was noticed within the pulmonary consolidation, mass, or nodule ([@B11]).

The distributions (upper or lower zone) and the laterality (unilateral or bilateral) of lung lesions were also analyzed. Lesions were considered to be in the upper lung zone if cephalad to the pulmonary hila and in the lower lung zone if caudad to the hila.

After the analysis of chest radiographic findings, the findings were considered typical of the previous definition of reactivation pulmonary TB by remote infection if lesions of consolidation, nodule(s), or cavities were present in the upper lung zone(s). The presence of concurrent hilar lymphadenopathy, a lower lung lesion, or pleural effusion did not change the characterization of typical TB. The findings were regarded to be atypical if mediastinal lymph node enlargement, lower lung zone abnormalities, or a pleural effusion was present. Radiographs with a cavitary lesion or segmental or lobar consolidation in the lower lung zones were also considered atypical ([@B5]-[@B7]).

Statistical Analyses
--------------------

Statistical analyses were performed using commercially available software (SPSS 15.0; SPSS, Chicago, IL). The agreement between the two radiologists for the presence or absence of each radiographic finding was examined by using the *k* statistic. A *k*-value of 0-0.20 indicates slight agreement; 0.21-0.40, fair agreement; 0.41-0.60, moderate agreement; 0.61-0.80, substantial agreement; and 0.81-1.00, almost perfect agreement.

RESULTS
=======

Two observers had almost perfect agreement for the identification of mediastinal lymph node enlargement (*k* = 1.00), hilar lymph node enlargement (*k* = 1.00), pleural effusion (*k* = 1.00), large nodule (*k* = 0.965), cavity (*k* = 0.894), and consolidation (*k* = 0.813). There was substantial agreement between the two radiologists for the identification of small nodules (*k* = 0.742).

Of the 58 patients that underwent chest radiographs, three had normal chest radiographs. [Table 1](#T1){ref-type="table"} demonstrates summarized abnormal chest radiographic findings in remaining 55 patients. Cavitary lesions were present in 25 (45%) students. Pleural effusion was not observed in any patient, nor was mediastinal lymph node enlargement. Hilar lymph node enlargement was seen in only one patient (2%).

Lesions with upper lung zone predominance were observed in 27 (49%) patients and lesions with lower lung zone predominance were observed in 18 (33%) patients. Remaining 10 (18%) patients had lesions in both upper and lower lung zones. Bilateral involvement of lung lesions was observed in 13 (24%) patients. Overall, 37 (67%) students had the typical form of reactivation TB ([Figs. 1](#F1){ref-type="fig"}, [2](#F2){ref-type="fig"}), and 18 (33%) had TB lesions of the atypical form, based on chest radiograph findings ([Fig. 3](#F3){ref-type="fig"}).

DISCUSSION
==========

The aim of this study was to describe the radiographic findings of primary pulmonary TB in previously healthy adolescent patients with recent infection. We found that primary pulmonary TB in our teenage high-school students typically present with upper lobe nodule(s), consolidation, or cavitary lesion(s) on chest radiographs. Mediastinal lymph node enlargement or pleural effusion was not seen in our patients. These findings have been traditionally considered as typical chest radiographic findings of reactivation TB with remote infection. In reactivation TB, the chest radiographs have been regarded to show patchy consolidation and poorly-defined nodules involving the upper lobes. In one-third of patients, cavities are present within lung abnormalities ([@B12], [@B13]).

Primary TB has been considered to be mainly a disease of infancy and childhood. The most common radiographic abnormalities of primary TB in infancy and childhood are intra-thoracic lymph node enlargement, pleural effusion, and lower lobe lung lesions ([@B14]-[@B17]). Primary TB can also occur in adults and hence a shift toward delayed presentation in adults may be related to a decrease in childhood exposure and an increasing number of immunocompromised hosts ([@B14]). Primary tuberculosis in adolescents and adults tends to manifest itself as lung parenchymal lesions in the upper lobes or superior segments of the lower lobes ([@B14], [@B17]). In addition, pleural effusion or mediastinal lymph node enlargement is occasional. Cavitation, usually within area of consolidation, can also occur in adolescent or adult primary TB as in our cases. Early cavitation in primary TB is more common and occurs more quickly in adults than in any other age group ([@B14]). Therefore, primary TB in adolescents and adults can manifest upper lobe cavitary consolidation without mediastinal or hilar lymph node enlargement or pleural effusion, and thus show traditionally-regarded typical chest radiographic findings of reactivation TB with remote infection.

The radiographic findings observed in our study concur with those examined in the study of Sant\'Anna et al. ([@B18]), who evaluated radiographic findings of pulmonary TB observed in the adolescent age group. In their study, although mode (primary, endogenous reactivation or exogenous reinfection) of infection was not clearly mentioned, lung parenchymal lesions were located in the upper lobes in 57% of patients, whereas cavitary lesions occurred in 183 (32%) of 564 patients (28% \[67 of 243 patients\] consisting of 10 to15 year old adolescents and 36% \[116 of 321\] consisting of 16 to 19 adolescents) ([@B18]).

Recent studies based on DNA fingerprinting suggest that chest radiographic features are similar in patients who apparently have primary disease and those who have reactivation TB ([@B6], [@B7]). Additionally, more than 70% of adult patients with TB pleurisy (which had been regarded as a primary TB manifestation rather than reactivation TB) had features of reactivation TB in the lung parenchyma ([@B19]). Moreover, cavitary lung lesions do occur within six months of initial infection; in other words, cavitary lesions manifest as radiographic findings of primary TB pulmonary infection ([@B20]). These observations suggest that typical reactivation-type pulmonary TB can result from primary infection, endogenous reactivation, or exogenous reinfection ([@B21], [@B22]).

Impaired host immunity has been regarded as a predisposing factor for TB disease. Human immunodeficiency virus (HIV)-seropositive pulmonary TB patients with crucial immunodeficiency (CD4 T lymphocyte count, \< 200/mm^3^) have a higher prevalence of mediastinal lymphadenopathy and a lower prevalence of cavitation than do HIV-seronegative patients ([@B23], [@B24]). Previous studies demonstrated that these radiologic findings of TB in HIV-infected patients reflect impaired cell-mediated immunity ([@B6], [@B7]). Thus, the traditional concept of differences in chest radiographic findings between children and adults with TB disease may reflect differential efficacy of the immune response, rather than differences in the timing of infection ([@B6], [@B7]). An important predictor of radiographic appearance may be the integrity of the host immune response, as determined by patient age and immunodeficiency ([@B25]). Neonate, young children, or HIV-infected persons who have impaired cell-mediated immune responses show a tendency to have the atypical form of TB, whereas immunocompetent patients tend to have the typical form of previously known reactivation reactivation TB ([@B6], [@B7]).

Several characteristics of our study population were unique; all were previously healthy senior high school students, with a mean age of 17 years, and no patient had any underlying chronic illness. All students were demonstrated to be infected with an identical strain of *M. tuberculosis* at each school, which was proven by DNA fingerprint testing. These findings suggest that our adolescent patients were recently infected and they had recently developed primary pulmonary TB.

Our study has several limitations. First, our study subjects were senior high school students (adolescents). Thus, our results may not be generalized to children or adults. Second, chest radiographs of all patients were not available; thus, a selection bias may be present. Third, we evaluated radiographic findings only, even in the posteroanterior direction only; thus, we might not have found mediastinal or hilar lymph node enlargement or minimal pleural effusion. In addition, three students in our study had normal chest radiographs, despite having culture-confirmed active TB. It has been reported that the radiographs may be normal or show only mild or nonspecific findings in patients with active disease ([@B12]). Common causes of a missed diagnosis of TB are failure to recognize hilar and mediastinal lymphadenopathy and the oversight of mild parenchymal abnormalities such as small centrilobular nodules. However, inter-observer agreement in the identification of hilar or mediastinal lymph node enlargement and pleural effusion were almost perfect in our study. Fourth, because we did not have enough data on serial tuberculin skin test results, students with previously normal chest radiographs and no history of tuberculosis were regarded to have primary TB infection. Thus, we used a broad definition of primary TB infection ([@B14]). Finally, we did not evaluate the effect of BCG vaccination on the host immune response and radiologic manifestation of TB infection. Our national policy for preventing tuberculosis recommends BCG vaccination in the neonatal period. BCG vaccination may affect host immune response and radiologic manifestations of TB infection.

In conclusion, the most common radiographic findings of primary pulmonary TB by recent infection in previously healthy adolescents are upper lung lesions, including nodule(s), consolidation, and cavitation, which were previously thought to be typical radiographic findings of reactivation pulmonary TB by remote infection.

![Primary pulmonary tuberculosis in 18-year-old boy with typical radiographic findings. Chest radiograph shows patchy consolidation, nodules, and cavities (arrows) in bilateral upper lung zones.](kjr-11-612-g001){#F1}

![Pulmonary tuberculosis in 18-year-old boy with typical radiographic findings. Chest radiograph shows cavitary nodule (arrow) with multiple small nodules (arrowheads) in left upper lung zone.](kjr-11-612-g002){#F2}

![Pulmonary tuberculosis in 18-year-old boy with atypical radiographic findings. Chest radiograph shows cavitary consolidation (arrow) and nodules in right lower lung zone. Lesions were classified as atypical because they were located in lower lung zone without involvement of upper lung zone.](kjr-11-612-g003){#F3}
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